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955 L'ENFANT PLAZA NORTH, S.W. WASHINGTON, D. C. 20024 B69 12101

SUBJECT: Apollo 12 Launch Weather DATE: December 30, 1969

Conditions - Case 320
fRoM: W. O. Campbell

ABSTRACT

Comparison of Apollo 12 launch weather conditions to
mission rules not only shows that conditions were within rules
but also serves as a basis for reviewing candidates for

improvement.

Candidates for avoiding lightning by changing mission
rule weather requirements are generally subjective, possibly
more so than the objective nature of present mission rules.
Cloud top height or a composite of weather phenomena to indicate
turbulence and static charge build-up may be a useful criterion.
Usefulness of any phenomenon as a criterion depends upon the
amount of pertinent data already collected at KSC. Years of
data are usually required to establish the statistical validity

of a weather phenomenon.

Another candidate is the stationing in the LCC during
countdown of a meteoroiogist egquipped with a television link to
permanently-mounted charts in the Manned Spacecraft Operations
Building (MSOB) weather office. This candidate exerts a multi-
plier effect on whatever weather phenomenon is chosen. The
television link partially alleviates the problem of decoupling
the meteorologist from familiar weather charts with consequent
impairment of weather forecasting ability. Using a compatible
pair of meteorologists (one at the MSOB, one at the LCC) may
further alleviate the decoupling on a short term basis. The
two would exchange places at selected times during the countdown.
Since this candidate is subjective, even personal, its utility is
a function of the personnel involved.
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955 L'ENFANT PLAZA NORTH, SW.  WASHINGTON, D. C. 20024 B69 12101

suBJEcT: Apollo 12 Launch Weather DATE: December 30, 1969

Conditions - Case 320
FROM: W, O. Campbell

MEMORANDUM FOR FILE

INTRODUCTION

There has been speculation as to the meteorological con-
ditions at the Apollo 12 launch. The weather map, surface winds,
hourly weather observations, weather radar observations, sferics*
and other records provide data to determine launch weather con-
ditions. Mission rules set forth launch weather requirements.
Comparison of requirements with conditions provides better under-
standing of both, which is a prerequisite for any contemplated
improvement, whether in rules or other program areas.

LAUNCH WEATHER REQUIREMENTS - MISSION RULES

Appendix I quotes verbatlm w1nd and weather portions of
the Apollo 12 launch mission rules. (1) Of immediate interest are:

1. Forward observer restriction on ceiling: 500 feet
(Ft) *=*
2. Forward observer restriction on visibility:

3 nautical miles (nm)**
3. (Pad Abort) wind restriction at 162 ft: 25 knots
4. Thunderstorm: "..... space vehicle will not be

launched when its nominal flight path will carry
it through a cumulonimbus (thunderstorm) cloud

formation." (Rule I-40 .2)
5. Egress rules, ingress to access arm retract to
liftoff: "A meteorological forecast of thunder-

storm activity is required when thunderstorms are
predicted to occur within a 20 statute mile radius
of the space vehicle. When thunderstorms are in

*Sferics equipment detects thunderstorms in KSC area by
triangulation on lightning flashes.

**Prom 225 to 360 degrees from space vehicle.
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progress within a 5 statute mile radius of the
vehicle, consideration will be given by the Launch
Director to flight crew egress." (Rules I-609.9,
I-610.6)

LAUNCH WEATHER CONDITIONS

The first three launch weather requirements can be
verified by quoting independent observations made by two groups:
(1) NASA Spaceflight Meteorology Group personnel at the Manned
Spacecraft Operations Building (MSOB), (2) Cape Weather Station
Personnel (CWS) located near Pad 1l1. These observations (obs)
typically vary because they were made about 6.5 miles apart in
rainshower conditions: They are:

MISSION RULES

ITEM RESTRICTION MSOB OBS. CWS OBS.(2)
1. Ceiling 500 ft 800 ft broken 2100 ft overcast
4,000 £t broken
10,000 ft broken
2. Visibility 3 nm 7 miles in 4 miles in
rainshower rainshower
3. Abort Wind 25 knots peak 11 knots at 5 knots at 290

270 degrees degrees
fairly steady

Both offices were in operation during the launch. CWS was
making hourly and special observations. The MSOB weather office
was in frequent telephone communciation with the Launch
Director and was making weather observations appropriate for
this purpose at the MSOB.

The remaining requirements 4 and 5 are satisfied by
examination of available data for observed evidence of thunder-
storms.

Area Map

Figure 1, the 1000 Eastern Standard Time (EST) wea-
ther map (1500 Greenwich Time) shows the general area condi-
tions, with Figure 2 illustrating the station plotting model.
The synoptic situation is one of rainshowers caused by convec-
tive activity associated with a cold front passing through the
area. The nearest reporting stations are Orlando and West Palm

Beach (Figure 2 detail). Orlando shows a rainshower \V/ ;
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the latter shows cumulus congestus build-ups N\ plus alto-

cumulus <o~ . The nearest cumulonimbus (thunderstorm) cloud
is reported at Key West, too far away to represent

Pad A conditions. At the time of the map, no thunderstorms

(TSTMS) were reported in the KSC area.

Appendix II offers a brief explanation of a cold
front and cumulus clouds denoting amount of convective acti-
vity.

Weather Radar

The MSOB radar scope showed the frontal area at KSC
to consist of two rainshower bands with scattered showers

between. See Figure 3 illustrating verbal reports.(3) The
second band was apparently causing the reported precipitation
at launch. No cumulonimbus clcud was reported. Cloud tops
were reported at 18,000 to 20,000 ft. Daytona reported one

at 27,000 ££4) at 1043 EST, with remaining tops at 22,000 ft.

Sferics

The sferics equipment which wasg in oper
weather office had detected several TSTMS the day
shown no close-by lightning before the launch. (3

indication of lightning after the launch.
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Potential Gradient and Corona Current Instrumentation

KSC potential gradient (PG) and corona current (CC)
instrumentation cover the area as shown in Figure 4. They are
listed in mission rules, along with other monitors, for
. . . . 5
instrumentation support of launch vehicle LH2 loading. Records( )
from all eight sites are available. TSTMS on November 13
caused activity on PG and CC charts from seven sites, thus
providing a calibration reference for visually judging com-
parative intensity of the traces at launch on November 14.
Seven sites showed at launch a modestly disturbed field

typically associated with rainshowers (3) but not disturbed to
the extent caused by TSTMS on the previous day. This instru-
mentation responds to many weather phenomena other than TSTMS
of mission rule concern. Interpretation is most informative
when accomplished by resident meteorologists to resolve ambigui-

ties. For example, a cumulonimbus cloud forming
over Orlando can throw up an anvil at 40,000 to 50,000 ft,
(6)

extending to KSC, setting up high PG readings. Although
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PG readings would appear ominous because of the charge distri-
bution in the anvil, KSC TSTM probability would be immediately
discounted by a resident meteorologist. Appendix III concludes
that TSTi ambiguities are the rule rather than the exception
by reviewing models of charge distribution in clouds and the
many opposite conclusions about TSTMS that researchers have
made using observed data.

Hourly Observations

As the name implies, hourly observations are taken at
least every hour. In addition, a special observation is made

whenever a significant change(7) occurs, such as ceiling, sky
condition, visibility, precipitation, and TSTM beginning, inten=

sity increase, or end. The November 14 record(z) at CWS shows
at 11:22 a.m. EST a 2100 ft overcast ceiling with four mile
visibility in rainshower, with no TSTM reported.

LAUNCH WEATHER REQUIREMENTS VERSUS ACTUAL CONDITIONS

The followinag checklist summarizes preceding dis-
cussions:

MISSION RULE REQUIREMENT ACTUAL CONDITION
ITEM FOR LAUNCH AT LIFTOFF
1. Ceiling 500 ft 800 ft (MSOB)*

2100 ft (cws)*

2. Visibility 3 nm 7 miles (MSOB)*
4 miles (CWSs)*

3. Wind (Abort) 25 knots peak 11 knots steady
state (MSOB) *
5 knots (CWS)*

4, Thunderstorm no launch through none reported in

5. Thunderstorm if within 5 miles, none reported in
consider crew egress

*Readings taken at two points separated by >6 miles.

area

area
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REF INEMENT CANDIDATES

These fall generally into two classes, depending on
desired effect: avoidance of lightning, and minimization of
effect of lightning. While lightning is of immediate interest
from Apollo 12, the accompanying/preceding turbulence is of
equal, or more, importance.

Avoidance Candidates

Contemplated refinements would necessarily involve the
use of some weather phenomenon (or combination) as a basic con-
tinue/hold criterion. The problem is one of choosing a phenomenon
with enough years of already-collected data to validate the
phenomenon and thus provide an objective and unambiguous basis
for improvement without penalty on future missions. Data are
customarily collected for years to establish the statistical
validity of a weather pattern.

Hold* in Rainshower: Not' all rainshowers produce
lightning; Apollo 12 strokes may not have been solely the result
of nature; conservatism could impose penalty on future missions.
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shower criterion; however, some fronts are inactive; Apoll
launch weather can also be caused by September-October TST

and showers forming over Atlantic Ocean; subjective.
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Hold With Potential Gradient and Corona Current Data:
High readings can be caused by cumulonimbus anvil over KSC from
TSTMS (6) as much as 50 miles away; ambiguous, subjective. See
Appendix III.

Cloud Top Height Composite: Height plus bottoms, cloud
type and freezing level permit potential instability estimate of
turbulence and convective activity, which, in turn, may correspond
roughly with static charge build-up in cloud. Data during count-
down would depend upon weather radar cloud height measurements or
mission support pilot reports, or both. Attractiveness depends
upon availability of KSC electrification and turbulence data to
establish go/no-go value.

When Lightning Reported Within X Miles, Hold for Weather
Re-Appraisal: No nearby lightning reported before Apollo 12 launch;
places premium on sferics, PG and CC equipment and team of local

*"Hold" indicates sense of the constraint, not exact wording.
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observers. Possibility of undetected lightning or man-made inter-
ference simulating lightning. Quantitative observation, subjective
interpretation.

Prelaunch Use of Rockets Artificially to Trigger (8)
Lightning from Low Clouds - Newman has employed this technique
successfully at sea, reporting two artificially-induced discharges
for five rocket firings with 1000 foot trailing wire. He further
reports concerning another experiment that a rocket ion trail may
be kept conductively ionized by application of a low current
between pulses of artificial lightning; a ship of the tender class
was outfitted for the tests. While of interest in relation to the
concept of artificially-triggered lightning, use of the technique
for Apollo would impose operational problems of split-second timing
as well as require bringing a new capability up to operational
usefulness.

Establish Weather Forecast/Interpretation Capability in LCC:

This candidate exerts a multiplier effect on whatever
weather phenomenonis chosen as a continue/hold criterion.

Placing a meteorologist in the LCC without data not only
decouples the meteorolcgist from required data but also creates a
new—-environment situation, both of which tend to impair the fore-
casting ability of the meteorologist.

Weather forecasting requires almost continuous access to
many types of data, especially in rapidly-changing situations such
as frontal passages, TSTMS, and squall lines. Data access provis-
ions could range from (1) establishment of a complete weather sta-
tion at the LCC to (2) establishment of a television link from the
LCC to the MSOB weather office suitable for viewing weather charts
permanently mounted there. Partial decoupling of the meteorologist
from his data occurs even in the latter case.

The decoupling and new environment problems could be
alleviated further by having two meteorologists work as a team
with one in the MSOB weather office, the other in the LCC, using
television and telephone links. At appropriate times in the count-
down the two would exchange places, thus maintaining continuity
with the weather.

This candidate is subjective, even personnel; thus its
utility is a function of the personnel involved.




Minimization Candidate

The subjectiveness in using weather phenomena to avoid
lightning may make it more cost-effective to consider other
measures, such as providing additional interstage paths specifically
for heavy currents associated with lightning. These paths would be
an addition to, but not a substitute for, the existing electrical
circuit grounding system. The candidate is objective and guantita-
tive, but may impose a payload penalty.

SUMMARY AND CONCLUSION

Weather and wind conditions at Apollo 12 launch were
within mission rules.

Mission rule lightning avoidance candidates suffer
generally from ambiguity, lack of objectivity, and depend to some
extent on local forecasting experience. If weather analysis capa-
bility is implemented in LCC for countdown, the meteorologist
would be aided by real time visual access to permanently-mounted
records and charts at the observing station to alleviate decoupling
from weather data. Using a compatible pair of meteorologists (one

at MSOB, one at LCC) may further alleviate the decoupling. The two
would exchange places at appropriate times during the countdown.

Refinement of other program areas requires investigation
before a trade-~off for program effectiveness can be made.

. %W%W

2032—WOC—mp W. O. Campbell

Attachments
Figures (6)
Appendices I-III
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FIGURE 2: WEATHER STATION DATA PLOTTING MODEL WIiTH
TWO 1000 EST NOVEMBER 14, 1969 EXAMPLES
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(CC) INSTRUMENTATION FOR APOLLO 12 LAUNCH
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APPENDIX TII

COLD FRONT AND CUMULUS CLOUDS

A cold front is a cold-warm air broad mixing zone
moving such that cold air at the ground replaces warm air,
causing convection. See Figure 3. Mild convection, present
even in fine weather without a cold front, produces cumulus

humilis, or cumulus of fine weather, symbol £ . More
pronounced convection carries moist air to moderate heights,
producing cumulus congestus clouds, sumbol £\ |, which are

sometimes acccmpanied by showery precipitation.

When convective activitv is intense encuch to carry
saturated air to heights above the freezing level altitude,
the upper portion of the cloud forms ice crystals which fan
out along the upper air wind stream, forming a characteristic
anvil shape. The weather symbol is Y~ , with the long
point of the anvil indicating wind downstream direction at
that level. These are cumulonimbus (TSTM) clouds. Extremes
ot precipitation and turbulence can be encountered within them.
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APPENDIX TIII

CHARGE DISTRIBUTIONS IN CLOUDS

According to Johnson(g) charge distribution data that
have been accumulated indicate that there are usually two
regions of charge in large vertical development clouds: (1) a
net negative charge, in cloud regions containing water droplets,
and (2) a net positive charge in cloud portions containing ice
crystals. This is only a nominal pattern with complex departures
from this nominal pattern occurring quite often. Figure III-1 is
an illustration of charge distribution in a cumulonimbus cloud,
according to Johnson. The same author notes that many clouds
have a positive region near the base where heavy rain exists.

Chalmers,(lO) showing the model (Figure III-2) of
Keuttner for a charge distribution in a TSTM cloud, shows
positive charges in the lower region of melting graupel (soft
opague hail), negative charges in the intermediate freeZLng

14
+ ~1 1 T ~rla £ K
levels, and pesitive cliarges in the higher freezing levels.

Comparison of the two figures shows both differences
and similarities according to the point of view adopted for
comparison. If it is assumed that Figure III-1 is more detailed
than Figure III-2 and that, therefore, it is reasonable to
select only portions of it to show a correspondence with the
other, then, starting at the bottom center of III-1l, a +, -,

+ vertical region is found which is also found in III-2.

Williams,(lo) in discussing evidence of the lower posi-
tive charge, concludes that its location is in the up-draft
of the front of the cloud close to the sharp front boundary of
the precipitation zone. This location agrees reasonable well

with the two figures. Clarence and Malan(lO) suggest that if
the lower positive charge plays an essential part in cloud-
earth lightning, the pattern of ground hits should yield such
information. Williams uses observations made by Feteris to
show such results.

Chalmers also refers to the investigations by many
other researchers, ;nplud;ng radar cobservations of TSTMS.
The most interesting is the abrupt appearance of a radar return
(Workman and Reynolds) presumed by the authors to be due to

the sudden formation of large drops. The top of the radar
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return begins to rise within the actual cloud, then begins to
fall as electrical activity and visible precipitation begins.
Reynolds and Brook in similar work conclude from three centi-
meter echoes that precipitation is a necessary but not sufficient
condition for onset of TSTM electrification with a further
condition appearing to be rapid vertical development. Moore,
Vonnegut, and Botka, using tethered radiosonde measurements,
suggest that rapid vertical development is the cause of
electrification. A theoretical treatment by Sartor, and
another by Frier, produce evidence that coalescence should be
increased by an electrostatic field.

It has been observed many times that there is often
a heavy downpour of rain shortly after a flash of lightning.
Moore, et. al., using radar observations from below a Bahamas
thundercloud, noticed that a new echo indicating large drops
often appeared shortly after a lightning flash. These data
indicate that probably lightning causes the heavy rain rather
than the reverse. Moore has reached similar conclusions
using New Mexico observations.

Many writers, notabiy Wall, Kuettner, and Lsraél,
take the view that there is no difference between processes at
work in a thundercloud and in a no-thunder shower cloud. 1In
one, the potential gradient reaches the value necessary for a
discharge; in the other, it does not. Wichmann puts forward
the opposite view: that there is a difference of processes
in both kind and degree between a thundercloud and a shower
cloud. He contends that the lower positive charge appears
to be peculiar to the TSTM, that only when the positive
charge exists can the potential gradient be strong enough to
produce lightning. Wichmann also points out the rapid dynamic
nature of the TSTM which passes through all its phases rather
quickly.

Some work has been done in determining the charge
potential of minor shower clouds. Tamura, using winter data
in Japan, showed that in seven out of ten cases the cloud was
negatively charged, which, two out of three times, is thus
opposite from the lower positive charge of a TSTM cloud.

The most consistent feature of these works is the
apparent inconsistency, suggesting that TSTMS vary widely in
make-up from one place to the next. Informal discussions(3)



APPENDIX III

tend to the point of view that knowledge of TSTMS is so sparse
that these works and others like them are out of date even
before appearing in print. Caution is advised in adopting any
of them as a model for showers and TSTMS at KSC. Giving the
researcher the benefit of validity of his own observations for
the particular time and place, it follows, then, that the best
model for KSC showers and TSTMS would be data gathered at KSC.
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FIGURE I1l-1 - CHARGE DISTRIBUTION IN TYPICAL AIR - MASS THUNDERSTORM CLOUD.
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